[HMIM] [Br 9 ] ([HMIM] = 1-hexyl-3-methylimidazolium) has been investigated by Raman spectroscopy, single-crystal X-ray diffraction and NMR spectroscopy. Conductivity measurements show a high electrical conductivity like other polybromides.
Introduction
In recent years polyhalogen chemistry has again attracted the attention of the chemical community. Several fundamental new polyhalides have been prepared and characterized. Among these, the polybromide anions have shown the largest variety. Especially our knowledge about dianions was vastly expanded due to the structures of [ [3, 4] or of polybromide networks [3, 5 -7] 3 ] − has been fully characterized, including the single-crystal structure of one of its salts [1, 8, 9] . Beyond this, no structural data of a higher polybromide monoanion was known prior to our reports in recent years. Based on new synthetic strategies in either ionic liquids (ILs) [10] or in neat halogens [11] several compounds with polybromide monoanions have been prepared and were further characterized in the last two years [12] . In 2011 our group reported the first preparation and structural characterization of a higher polybromide monoanion [NPr 4 11 ] − . Along with their structural characterization, the physical properties of these novel substances have partly been investigated as well. The most surprising property was found for the nonabromide monoanions, which show extremely high electrical conductivities for the row of quaternary ammonia salts [NR 4 ][Br 9 ] (R = Me, Et, Pr, Bu) [13] .
Here, we report the first preparation of a roomtemperature ionic liquid based on a nonabromide monoanion, namely [HMIM][Br 9 ] ([HMIM] = 1-hexyl-3-methylimidazolium), which was characterized by single-crystal X-ray diffraction and Raman spectroscopy. Furthermore, as for the known nonabromide anions stabilized by quaternary ammonia salts, we also investigated its temperature-dependent electrical conductivity. 
Results and Discussion
The reaction of 
Crystal and molecular structure
The single-crystal X-ray structure determination of [HMIM][Br 9 ] (1) has shown that the salt crystallizes in the orthorhombic space group P2 1 2 1 2 1 with Z = 4. In analogy to other polyhalide monoanions the [Br 9 ] − structure is built up of the two building blocks, Br 2 and Br − (Fig. 1) . The central bromide anion is end-on coordinated by six bromine molecules resulting in two sets of Br − -(Br 2 ) distances: 4 shorter interactions in the range from 290.8 to 306.4 pm (av.: 298.9 pm) and two longer secondary interactions at 326.9 and 347.0 pm. Four of the Br 2 moieties are asymmetrically bridging two bromide ions thereby forming a 2D [Br 9 ] − layer.
Compared to neat solid Br 2 (228.1 pm) [17] the bond lengths of the coordinated Br 2 molecules are elongated by more than 5 pm, see Table 1 . This is in agreement with previous observations and mainly due to the charge donation of the central bromide into the LUMO of the coordinated Br 2 Lewis acid [11, 13, 16] . Usually the coordination of the Br 2 molecules occurs with an almost 180 • angle as it is also observed in the present structure (173.1 -177.9 • ). However, the bond angle of (Br1, Br7, Br5) marks an exception with its smaller value of 161.9 • . It is worth comparing the assembly of this structure ( ]. This may be ascribed to the different cation/anion interactions, see Table 2 . The Raman spectrum is shown in the Supporting Information available online (see the note at the end of the paper for availability). Due to the higher tendency to lose elemental bromine of the herein reported salts, IR spectra were not recorded. 
Conductivity
As mentioned before the salts with nonabromide anions show unusually high electrical conductivities. Normally, ionic liquids based on imidazolium cations show conductivities in the range of 1 to 10 mS cm −1 at 25 • C [18, 19] . In line with this observation the compound under investigation also exhibits an exceptionally high conductivity of, e. g., 52.1 mS cm −1 at 25.6 • C. Like for other ILs the temperature dependence of the conductivity is well described by a VogelFulcher-Tammann behavior [18] . The Vogel temperature, which is the ideal glass transition temperature of 190(±8) K, is in the range of other good RTILs, e. g. those with the classical [N(SO 2 CF 3 ) 2 ] − an- 
ion [18] . Nevertheless, the temperature dependence can also be described adequately by the Arrhenius approach. The activation energy was determined to be 16(±4) kJ mol −1 .
As suggested in previous conductivity investigations of the Br − /Br 2 system the high conductivity is possibly due to a Grotthuss-type hopping mechanism [20] . This hopping mechanism is also expected for the present system [HMIM][Br 9 ] as shown in Eq. (1).
In view of its slightly lower conductivity, when compared with the quaternary ammonia salts, the main advantage of the present system is based on its liquid nature at room temperature. This will potentially permit its application as a liquid redox-active electrode.
NMR measurements
According to Spange et al. [21] the chemical shift of the hydrogen atom at the C-2 position of the imidazolium ring is dependent on the interaction of the cation with the anion. In diluted solutions of different imidazolium salts in dichloromethane they found the resonance of this hydrogen atom shifted to higher field the weaker these C-2-H···X interactions are. In contrast to Spange et al., we investigated in our case the pure ionic liquids and compared the proton NMR spectra of [ [23] ), which are typical weakly coordinating anions.
Conclusion
In conclusion, we report herein the first preparation of a room-temperature liquid polybromide monoan-ion salt stabilized by an imidazolium cation, namely [HMIM] [Br 9 ]. Based on its melting point of approximately −35 • C, and together with its relatively low vapor pressure if compared with neat bromine we can formally describe this new substance as a roomtemperature ionic liquid.
The title compound was investigated by Raman spectroscopy and single-crystal X-ray diffraction. Beyond this, its conductivity was measured and fitted by the Arrheniuns and VFT-approach. Its electrical conductivity is very high and amounts to 52.1 mS cm −1 already at 25.6 • C. In agreement with this high conductivity, NMR measurements using the Spange approach revealed that through coordination of 
Experimental Section
All experiments were performed using standard Schlenk techniques. The FT-Raman spectra were recorded on a Bruker Vertex 70 spectrometer equipped with a RAM II module using a liquid nitrogen-cooled Ge detector. Raman spectra were recorded (backscattering mode) at room temperature as well as with cooling to liquid nitrogen temperature in flame-sealed glass capillaries (1064 nm, 10 mW power, resolution 4 cm −1 ).
Conductivity measurements have been performed with the S30 SevenEasy instrument from Mettler Toledo using a platinum electrode InLab710 with a cell constant of 0.8096 cm −1 in a cell filled with 3.5 mL of the sample. NMR data were recorded at room temperature on a Bruker DPX 200 spectrometer using the software TOPSPIN 1. Data for the structure determination were collected on a Bruker SMART APEX2 CCD area detector diffractometer with MoK α radiation. A single crystal was taken directly from the reation mixture, coated at −40 • C with perfluoroether oil and mounted on a 0.1 mm Micromount. The structure was solved by Direct Methods with SHELXTL [24] and OLEX2 [25] and refined by least-squares on weighted F 2 values for all reflections. The final refinements converged at GooF = 1.043, R1 = 0.0263 and wR2 = 0.0608 for reflections with I > 2 σ (I) and R1 = 0.0304 and wR2 = 0.0621 for all reflections. The hydrogen atoms were included in the refinement in calculated positions by a riding model. The graphical representations were prepared with DIAMOND [26] .
CCDC 941404 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.
In addition, tables of the crystal data, atomic coordinates including hydrogen atoms, displacement parameters and important bond lengths and angles are given in the Supporting Information.
Supporting information
Figures of the Raman and 1 H NMR spectra and tables containing the numerical values of the conductivity measurements and the NMR spectra as well as addditional crystal structure data are given as Supporting Information available online (DOI: 10.5560/ZNB.2013-3143).
